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G. MOURIER
Electron Tube Division, THOMSON Abstract. 2014 In the first part of this paper, analogies between conventional rotating electromechanical machines (motors, alternators, etc...) and periodic-structure microwave electron tubes are made, and a common theory is elaborated.
In the second part, this theory is used to define new types of rotating machines that will operate with electrical currents having a very wide frequency spectrum, or at variable frequency, or independently of the rotational velocity. Different As concerns synchronism (velocity of the moving element and phase velocity close to each other), it will be observed that even asynchronous machines operate preferably close to synchronism, to within a few percent (which is the condition of good efficiency) and that synchronism is often not ensured in a more precise manner in traveling-wave tubes (TWT's). In either case, a certain modulation is produced in the moving circuit or the electronic cloud by the fixed circuit and this modulation, driven by the motion of the moving circuit, must remain in phase with the fields of the fixed circuit for a few periods until a new modulation is produced. The In magnetrons, the phenomena are more complex since the electrons are accelerated by the dc field which prevails between the cathode and the anode (so that the source of voltage supplies the necessary energy), while being retarded by the high-frequency field (so that they give up energy to the latter).
It is obvious that, in generators, the moving part is always retarded by the fields of the fixed part whereas, in motors or accelerators, it is accelerated.
The following The study of the complete system then, consists in relating these couples of values in different planes, on one hand, to each other and, eventually, to the voltages and currents in the conductors [3] [4] [5] [6] [7] .
Before establishing these transformations, a few additional properties of the independent components may be established. It is sufficient to consider the equation :
The force per unit surface fx will be considered :
For non-relativistic systems, this is reduced to :
The force applied to the moving-system is to be found by integration :
The point M is taken far enough away so that Txy vanishes. We then have for the force applied per unit to the moving part, simply :
In complex notation Utilizing the relations (4) :
There is thus a simple relation between fx and Sy :
We must however realize that equation (4) The values on the sectors are the expressions contained in equations (32) and (33).
Equations (50) and (51) As the electromagnetic fields of the circuit extend beyond S, the propagation in the circuit depends on the fields in this region. In order to characterize them, it is sufficient, in supposing that OJ and fl are known, to specify at Ys the components of the fields parallel to S, namely.
Ey, Hx Hy, Ex .
The amplitude being undetermined in a linear system as long as the sources external to this system are not specified, it is sufficient to consider the ratio between the independent field components mentioned above. The system above the plane S may therefore be characterized by the impedances or admittances that it produces in that plane :
As all the quantities obey equation (1) To study the circuit, the impedance Z. being specified as a function of co and ~, we shall in general start to look for the values of ll' that are compatible, for each co, with equations (8) and (9) . (Sometimes, on the other hand, we shall look for the values of co for a given value of ~9). These values will in general be sufficient to obtain the magnitude of the amplification, the conditions of stability, etc.
The problem is first to study the dispersion equation (relation between úJ and fl) for a complex propagation system. Then, as each value of P, for a given value of co, corresponds to a system of voltages and currents that are propagated along the filter, the current in each arm to the circuit is considered to be the sum of as many components as there are solutions for Y', each component obeying a phase shift law conforming to equation (1) (paragraph 3, Part One) with the corresponding value of P. One can then write the equations at the input and output points ot the stator. It is also necessary to write the conditions concerning the rotor at the corresponding points, which may be more delicate.
The equation in IF, taken from (8) and (9) Equations (23) and (24) are completely analogous to the equations for traveling-wave tubes. The quantity P12 Ir, 1: is very close to Pierce's coupling impedance.
However, it should be mentioned that the approximation of equation (17), which corresponds to the approximation C small of the traveling-wave tubes, could be completely unjustified in certain rotating machines, since the coupling of conventional machines is much stronger than in traveling-wave tubes. It is essential to correctly solve the transcendental equation (11). 4 . Dual amplifiers of Microwave tubes [2, 9] . - The interest of placing capacitors C, at the terminals of the windings of the rotor has previously been shown. We then have :
and irrespective of the structure of the filter of the delay line of the stator, equation (24) If the stator is connected as a low-pass filter (Fig. 6) , we have, from equations (1) Figure 8 gives the values of yl, y2, xi and X2 for this value of xo. Figure 9 gives the same quantities for Perhaps, the advent of superconducting machinery and the increase in energy/weight factors of capacitors, plus more sophisticated demands from the users, as for instance controlled nuclear fusion engineers, will help making these machines practical and useful.
One may remark that a machine corresponding to the principle described in Part Two, paragraph 6.6 could, for the most part, be similar in structure to an asynchronous motor, even though it could operate as wideband amplifier.
It is thus apparent that some of the machines described here would differ essentially by the presence of capacitors associated with the stator ; these would be fairly cumbersome except if low inductance superconductive circuits were used.
Whatever the future of the new devices may be, we think that, with some simplifications and improvements, the mode of exposition presented here for the principles of the machines is the best for students who have had a thorough course in electromagnetic theory and wave propagation phenomena.
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